Abstract Mouse A6 mesoangioblasts express Hsp70 even in the absence of cellular stress. Its expression and its intracellular localization were investigated under normal growth conditions and under hyperthermic stress. Immunofluorescence assays indicated that without any stress a fraction of Hsp70 co-localized with actin microfilaments, in the cell cortex and in the contractile ring of dividing cells, while the Hsc70 chaperone did not. Hsp70 immunoprecipitation assays confirmed that a portion of Hsp70 binds actin. Immunoblot assays showed that both proteins were present in the nucleus. After heat treatment Hsp70 and actin continued to co-localize in the leading edge of A6 cells but not on microfilaments. Although Hsp70 and Hsc70 are both basally synthesized they showed different cellular distribution, suggesting an Hsp70 different activity respect to the Hsc70 chaperone. Moreover, we found Hsp70 in the culture medium as it has been described in other cell types.
Introduction
The exposure to environmental, pathological and physiological stresses activates a cellular protective mechanism involving the rapid and transient synthesis of heat shock proteins (Hsps). This cellular response is primarily mediated at transcriptional level by the heat shock transcription factor (HSF). The Hsps are highly conserved among all the organisms and are classified into different families on the basis of molecular mass and one of the most conserved is Hsp70 which is found in every organism examined (Kiang and Tsokos 1998; Tytell and Hooper 2001) and can function as molecular chaperone. Hsp70 prevents protein aggregation and, by transient association of its peptide binding domain with short hydrophobic segments within their target proteins (Mayer and Bukau 2005) , it keeps proteins in a competent state either for refolding or for degradation (Kampinga 2006) . Some members of the family are constitutively expressed (Hsc70), while some others are generally induced by environmental stress (Hsp70), but a long line of experimental evidence shows that Hsp70 is constitutively and abundantly expressed in many tumour cell lines, even in the absence of stress. Both Hsc70 and Hsp70 participate in the folding of nascent proteins, refolding of mature proteins (Hartl 1996; Ahsen 1997 ) and the translocation of proteins from one compartment to another (Glick 1995) . Hsp70 can also be induced by immortalizing products of the adenovirus E1A 13S (Williams et al. 1989) . In some other circumstances Hsp70 can be synthesized under physiological growth conditions, i.e., embryo development (D'Souza and Brown 1998) or some adult tissues which express the protein without any metabolic stress, such as normal colon (Beck et al. 1995) or gerbil ependymal cells lining brain ventricles (Kurucz et al. 1999 ). More and more data suggest that Hsp70 may have different roles than just that of molecular chaperone. Some recent works have demonstrated that in the same way different Hsp70 isoforms are highly expressed in several human embryonic stem cell lines (Bhattacharya et al. 2004; Abeyta et al. 2004) . Many data indicate that its function depends on its spatial location and partner recruitment (Rassow et al. 1995) . In fact, immunological assays on several cell lines have demonstrated that Hsp70 shows up in different locations depending on the physiological state of the cell. At normal growth temperature Hsp70 is mainly located in the cytoplasm (Neri et al. 1995; Knowlton 2001) and in some cases in the nucleus, while after heat shock it translocates from the cytoplasm to the nucleus and to the nucleoli (Knowlton 2001; Nollen et al. 2001) . After the stress Hsp70 turns back to the cytoplasm (Velazquez and Lindquist 1984; Welch and Feramisco 1984; Rada et al. 2005) . Heat shock also induces a reorganization of the cytoskeleton with consequent changes in cellular shape and actin, in the same way of Hsp70, migrates into the nucleus (Wang et al. 1998; Welch and Mizzen 1988) . Hsc70 is also a cytoplasmic protein and it translocates within the nucleus after heat shock (Lagunas et al. 2004) .
Although Hsps have primarily intracellular functions more reports demonstrates that it also functions extracellularly. The first evidence for this Hsp70 function was suggested in 1980s, when it was shown to transferred from glial cells to axons and to be released from cultured cells (Tytell et al. 1986; Hightower and Guidon 1989) . Recently it has been demonstrated that glial cells release Hsp70 making neurons, which are exposed to the protein more resistant to cell stress (Guzhova et al. 2001; Tytell 2005) . The A6 cells, a clone of mouse mesoangioblasts, synthesize the Hsp70 under physiological growth conditions and this synthesis is independent from HSF1 or HSF2, but its role is not yet defined (Geraci et al. 2006 ). To date not many works have studied Hsp70 localization in mammalian cell lines under physiological growth conditions. Therefore, the aim of the present study was to observe Hsp70 localization both under normal growth conditions and after heat stress, and its subcellular distribution, as a means of addressing possible differences in functions between Hsp70 and Hsc70. Moreover, to elucidate the role of Hsp70 characterizing Hsp70-binding proteins may be helpful.
Materials and methods
Cell culture and heat shock treatment Mouse A6 stem cells were grown on collagen I treated plates in Dulbecco modified Eagle medium (DMEM) (Invitrogen) supplemented with 10% fetal bovine serum in a humidified 5% CO 2 atmosphere at 37°C. For heat shock, plates were sealed with parafilm and immersed for 1 h in a 42°C water bath.
Immunofluorescence assays A6 cells were grown onto microscope coverslips in 12-well culture plates (Nunc). Cells were washed with phosphate buffer saline (PBS19, 68 mM NaCl; 34 mM KCl; 4 mM Na 2 HPO 4 ; 0.44 mM CaCl 2 ; 0.24 mM MgCl 2 ; 0.75 mM KH 2 PO 4 ) and fixed in 3.7% formaldehyde for 15 min. After three washes in PBS19 cells were permeabilized with 0.1% Triton X-100 for 5 min. Permeabilized cells were washed and incubated over night at 4°C with primary antibodies. A rabbit polyclonal anti-Hsp70 (1:1,000; Calbiochem) was used to detect HSP70; a monoclonal mouse anti-Hsc70 (1:500; Santa Cruz) was used to detect HSC70; fluorescein-conjugated phalloidine (10 -6 M; Sigma) was used to detect actin. The secondary antibodies used were fluorescein-conjugated anti-mouse (1:50; Amersham), tetramethylrodamine B isothiocyanate (TRITC)-conjugated anti-rabbit (1:400; Sigma), fluorescein-conjugated antirabbit (1:50; Amersham).
During mitosis dividing cells round up and adhere much less firmly to the surface and this property was used to harvest the mitotic cells from randomly dividing populations of A6 cells. Dividing cells were fixed 45 min at 37°C in MTSB buffer pH 6.9 (0.1 M PIPES; 5 mM MgCl 2 ; 2.5 mM EGTA) supplemented with 1 lM paclitaxel; 4% paraformaldehyde; 0.01% aprotinin; 1 mM DTT; 0.1% Triton X-100. Cells were washed in 0.1 M glycine in PBS1X and bound to poly-L-lysine glass by citocentrifugation. Cells were incubated 1 h in glycine 0.1 M in PBS1X with BSA 0.3% and then incubated over night with the appropriate first antibodies, followed by 1 h incubation at room temperature with secondary antibodies. Nucleic acids were stained with 0.2 lM propidium iodide. The slides were mounted with 1,4-diazobicycloro[2-2-2]octane and observed by laser scanning confocal microscopy (1X70-S1F2, Olympus) at 498 and 544 nm wavelengths.
Image analysis was performed using Fluoview 3.3 Software.
Preparation of total and subcellular extracts
Total protein extracts were prepared as previously described (Geraci et al. 2006) . For subcellular extracts trypsinized cells were harvested and washed in PBS. Cells were incubated 15 min on ice in 10 mM HEPES; 10 mM KCl, 0.2 mM EDTA; 3 mM MgCl 2 ; 1 mM DTT; 1 mM PMSF; anti-protease cocktail, pH 7.9 and then 10% NP40 was added. Cells were passed through a 21 gauge needle.
Nuclear pellet was harvested by centrifugation at 1,000 rpm for 10 min. The supernatant was collected as cytosolic fraction. The nuclear pellet was resuspended in 20 mM HEPES; 400 mM NaCl; 1 mM EDTA; 1 mM EGTA; 1 mM DTT; 1 mM PMSF, pH 7.9; anti-protease cocktail (Sigma) by vortexing for 30 min at 4°C. Nuclear debris were discarded by centrifugation at 17,000 rpm for 5 min. Protein concentration of each fraction was determined by Bradford method (Sigma).
Western blot (immunoblot) analysis
Isolated proteins were subjected to a 10% SDS-PAGE and transferred to an ECL-Hybond membrane (Amersham) using a mini-electroblot (Biorad).
After blocking for 2 h in 5% nonfat dry milk in TBST buffer (10 mM Tris-HCl, pH 7.5, 150 mM NaCl; 0.2% Tween 20), the membranes were incubated over night with rabbit polyclonal anti-Hsp70 (1:10,000; Calbiochem), mouse anti-Hsc70, mouse anti-actin (1:1,500; Neomarkers), goat anti-actin (1:200; Santa Cruz), mouse antitubulin (1:1,000; Sigma). Alkaline phosphatase-conjugated anti-rabbit, anti-mouse (1:5,000; Promega) and anti-goat (1:5,000; Sigma) were used as secondary antibodies.
Immunoprecipitation of protein Hsp70
Cells were collected by flasks and washed once in ice-cold PBS. Samples were incubated with cell PBST buffer (PBS: 137 mM NaCl; 2.7 mM KCl; 1.4 mM NaH 2 PO 4 ; 4.3 mM Na 2 HPO 4 , pH 7.4 with 0.1% Triton X-100, 0.5 mM DTT and 0.5 mM PMSF) for 10 min at room temperature. After centrifugation at 13,000 rpm for 5 min supernatant was collected and determined. 500 lg sample were incubated overnight at 4°C with anti-Hsp70 antibody 2/500 lg of samples in PBST. Immune complexes were collected by incubation with 30 ll protein G-Sepharose for 4 h at 4°C. G-Sepharose protein was pretreated overnight at 4°C with BSA 1 mg/ml. Following antibody binding and protein G-Sepharose absorption, protein G-Sepharose pellets were washed twice with PBST for 5 min. Immune complexes were eluted with 50 ll of SB1X (2% SDS; 10% glycerol; 0.06 M Tris pH 6.8; 5% b-mercaptoethanol and 0.05% bromophenol blue) and then boiled.
Scanning electron microscopy
For scanning electron microscopy cells on coverslips were washed with PBS and fixed in 4% glutaraldehyde in D-MEM at room temperature for 10 min. Subsequently, cells were washed with D-MEM and dehydrated in an acetone series, mounted on a stub, coated with gold and examined by a Philips 505 SEM at 20 kV.
Trypan blue dye exclusion
To measure viability, cells were stained with trypan blue dye and then counted, as described elsewhere (McClowskey et al. 1998) .
Results
In non-stress conditions some of the Hsp70 co-localizes with F actin
In our study we investigated whether or not Hsp70 and Hsc70 had the same distribution inside the cell and in particular we observed if there was an association with cytoskeletal actin. For this reason we performed double fluorescence assays to observe by confocal microscope actin filamentous network and Hsp70/Hsc70 localization. Actin microfilaments (MFs), stained by fluorescein-conjugated phalloidin, were distributed in two major areas. Some actin was associated with the cell cortex and another part formed cytoplasmic parallel bundles (Fig. 1A a, d ). Hsp70 immunofluorescence showed a similar distribution (Fig. 1A b) and the coincidence between the two proteins was confirmed by fluorescence merge (Fig. 1A c) . On the contrary, Hsc70 immunofluorescence did not show any fibrillar structure (Fig. 1A e) and did not coincide with that of actin (Fig. 1A f) . No co-localization between Hsp70 and b-tubulin was observed (Fig. 1A m) . Hsp70 co-localized with actin also in the contractile ring at the end of mitotic cell division (Fig. 1A i) different from Hsc70 which was not present in this structure (Fig. 1A k) . The immunofluorescence assays indicated that Hsp70 have a different cytoplasmic location respect to Hsc70. We have identified Hsp70-associated protein by nondenaturing immunoprecipitation (Milarski et al. 1989) confirming Hsp70 co-localization with cytoskeletric actin. In fact, an immunoreactive band corresponding to actin was detected in a sample immunoprecipitated with anti-Hsp70 antibodies ( Fig. 2 lane 2) . As expected no b-tubulin was detected after immunoprecipitation ( Fig. 2 lane 2) . This experiment not only confirms the immunofluorescence assays, but also demonstrates that there is a physical interaction between Hsp70 and actin.
Fluorescence staining with scanning through a z-series on the confocal microscope also showed that actin, Hsp70 and Hsc70 were inside the nucleus (data not shown). This subcellular localization was confirmed by immunoblot analysis on nuclear lysates after cell fractionation (Fig. 3A a, b, lane  1) . Thus, in normal cells a proportion of Hsp70 and Hsc70 was found inside the nuclei, although they were located mainly in the cytoplasm (Fig. 3A a, b, lane 2) . The presence of actin into nucleus has been found in other cell lines independently of Hsp70/Hsc70 (Pederson and Aebi 2002) .
Hsp70 localization during cell divisions
Hsp70 distribution was also studied during mitotic division in cells synchronized by mitotic detachment. During mitotic rounding up Hsp70 localization appeared to be different (Fig. 4a, b ) with respect to that of asynchronous population of A6 cells (see Fig. 1A b) and that of Hsc70 during mitotic rounding up (Fig. 4e) . The fluorescence, granular in its appearance, was evenly distributed in the cells but it was brighter near the cell cortex and Hsp70 bundles were no more visible (Fig. 4a, b) . Densitometric analysis of Hsp70 fluorescence along a diameter of the cell clearly confirmed that Hsp70 is much more concentrated near the cell cortex (Fig. 4c, d) . On the contrary, the molecular chaperone Hsc70 although showed a similar pattern of diffused staining (Fig. 4f) , did not concentrate near the cell cortex, as demonstrated by densitometric analysis (Fig. 4g ). These findings indicated that during mitotic division only Hsp70, and not Hsc70, is clearly located near the cell membrane.
All these data together confirmed that Hsp70 and Hsc70 have a different intracellular localization maybe due to different interactions with cytoskeleton and to different cellular functions.
Hsp70 localization in heat-shocked A6 cells
Our previous data demonstrated that even if A6 stem cells synthesize Hsp70 without any stress in an HSF1 independent way, they are able to respond to cellular stresses by increasing its level (Geraci et al. 2006) . In order to evaluate whether or not Hsp70 distribution was modified after heat treatment, double fluorescence assays have been performed. Before studying Hsp70 localization in heat treated A6 cells, we examined their morphology by using scanning electron microscopy. Figure 1B b , c shows the morphological changes of A6 cells after heat shock treatment. Before heat shock the cells appear well spread on substratum (Fig. 1B a) . Immediately after heat shock the most of the cytoplasm is contracted to the cell centre and a thin layer remains attached to the substratum (Fig. 1B b) . Five hours after heat shock the cells gradually spread outwards and assumed their normal appearance (Fig. 1B c) . These changes in cellular shape were due to cytoskeleton reorganization, as confirmed by immunofluorescence. In fact, immediately after heat shock (42°C, 1 h) actin MFs were no more visible, while a brighter fluorescence remained in the peripheral regions of the cell (Fig. 1C a) . The same immunofluorescent pattern was detected for Hsp70, with a brighter fluorescence near the cell membrane and an increased immunopositivity near and inside the nucleus (Fig. 1C b) . The two proteins soon after heat treatment appeared to have the same staining distribution (Fig. 1C c) . We also observed Hsc70 distribution after heat shock. In contrast to resting cells differences between Hsp70 and Hsc70 were less evident after heat stress. The most relevant difference regarded their presence at/or near the cell surface. Differently from Hsp70, Hsc70 did not show any peripheral staining (Fig. 1C d) . Moreover, immediately after heat shock by immunoblot analysis it was not possible to detect a consistent Hsp70 increase respect to its basal level, while a higher increase in its level was observed 5 h after heat treatment (Fig. 3B a, a' ). Cell fractionation experiments showed that the hyperthermic stress led the gradual increase of both nuclear and cytoplasmic Hsp70 level (Fig. 3A a , lanes 3-4) and this increase in both cellular compartments was more evident 5 h after the heat shock (Fig. 3A a , lanes 5-6), confirming as expected Hsp70 movement towards the nucleus. Hsc70 immunoblot analysis on the same cell lysates showed that the Hsc70 level did not increase during the heat stress or the recovery (Fig. 3A b' ).
Hsp70 in the extracellular space
As previously shown by others, a fraction of Hsp70, normally localized to the cytoplasm or nucleus, can be released in the extracellular space from cells and function as intercellular-signaling ligands (Asea et al. 2000) . For example Hsp70 is a normal constituent of blood and its levels changes with physiological stress and disease (Lancaster and Febbraio 2005) . According to this emerging data we examined Hsp70 presence in the culture medium to test a possible release of this protein into extracellular space. Western blot assay of the medium demonstrated its presence ( Fig. 5 lane 2 ). Hsp70 has also been found in serum-free medium (Fig. 5 lane 3) . This release was not due to necrosis as cell viability was 98% (data not shown).
Discussion
Mouse mesoangioblasts are a novel kind of stem cells distinct from both embryonic (ES) and adult stem cells. They are embryo vessel-derived stem cells which can be propagated in vitro and can be differentiate into different mesoderm derived cell types (Minasi et al. 2002) . We have recently studied the stress status of these stem cells in vitro and we have found that they express the inducible form of Hsp70 without any stress independently of HSF1 (Geraci et al. 2006) . Differences in function between Hsp70 and Hsc70 may be reflected in differences in their intracellular localization before and after heat stress. For this reason in our study we observed Hsp70 localization. Other previous works have demonstrated that in some cell lines HSP70 is associated with tubulin, with a generic chaperone function (Cheng and Lai 1994; Wang et al. 1998) , while in rat embryo fibroblasts it has been found associated with actin microfilaments (La Thangue 1984; Margulis and Welsh 1991a, b is a physical interaction between Hsp70 and actin not only a co-localization. A different intracellular distribution was evident for the constitutive chaperone Hsc70. In fact, Hsc70 has never been found associated with actin microfilaments or with contractile ring in mitotic cells and in addition it never thickened near the cell membrane. Furthermore no interaction with actin was detected. As expected under heat stress when the cell shape was changed, the fluorescent actin microfilaments disappeared. At the same time Hsp70 filaments were not anymore detected by immunofluorescence assays and the two proteins colocalized near the cell plasma membrane, confirming Hsp70 and actin co-localization. We may conclude that Hsp70 and Hsc70, although they are both synthesized under basal growth conditions, differ with respect to their pattern of distribution and this may reflect different functions. In this study we also demonstrated that some of the Hsp70 was released in the extracellular milieu. A recent paper on plant virus demonstrated that microfilaments are involved in transporting Hsp70 h, an homologue of cellular Hsp70 (Prokhnevsky et al. 2005) . The absence of a consensus secretory signal in Hsp70 and its association with actin prompt us to hypothesize a possible involvement of actin in Hsp70 release.
